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ABSTRACT 


Diimiomoie wpe Lew years, advancement of the integrated 
G@areuit technology yielded medium and large scale integration 
ee commonly used electronic circuitry. 

One of the special MSI devices commercially available 
today is the Fairchild 3814 Digital Voltmeter Logic Array 
which contains most of the logic required for a 4 1/2 decade 
eaeital Voltmeter. | 

iMmcaiseenesis vne design of an inexpensive four digit, 
mee sealing digital voltmeter is presented with results 


Micveata performed on this meter. 
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i LNERODUCTION 


A familiar method of analog-to-digital conversion in 
Gigital voltmeters is ramp-comparator analog-to-time conver- 
pon Utilizing an electronic integrator. A sample-and-hold 
network samples the unknown voltage and holds this value. 
P_emimiieorraver bien i1ntegrates either a positive or negative 
Meterence voltage. The time for the integrator to reach the 
foie Ssvored in the sample-and—nold circuit is proportional 
to the unknown voltage. The number of clock pulses propor- 
moi voOmunts tame are counted for digital readout. 

This method though simple and inexpensive, suffers from 
eee ero) Ciseagyvanveases. To maintain accuracy, a highly stable 
mock OscCillaverm 18 required. Also, any practical system 
will have noise added to the input signal, and the sample- 
and—hold circuit may hold a noise peak. Components must be 
femy precise and the switching scheme must not change the 
wealue of The voltage ahora im une sample—and—hnold circuit. 

A second mechod of ramp-comparator conversion utilizes 
an electronically resettable integrator. The integrator is 
meeee LO a Value proportional to the unknown voltage plus a 
peateive Dias. The integrator integrates a reference 
voltage until it reaches a predetermined level set by a 
MecCiston Limiter. This time is again proportional to the 
Mmewiown vOlctagpe. The use of the positive bias has the 


Pewmanvage thay the integrator always integrates the same 





Poe wOterere rence —yvOolrTage Lor elther polarity of input 
Mee rice limMimatamg complex switching circuitry. The 
Da oomomomnimeer also yields very accurate limiting. This 
Mmewnod Still requires a highly stable clock, and the 
gnvegrator can still be reset to a noise peak rather than a 
ieme value. 

A third method of ramp comparator conversion is known as 
aMele slope integration. This method will be Geccraped an 
mere Getail in this section. It will be shown that any 
mee cermn Graft in the clock frequency has no effect. The 
dual slope, method does not) require a sample-and-hold network 
because the input signal is integrated to determine the 
unknown value. A disadvantage of this method is the complex 
melarity Switching circuit required. Such switching was not 
emeemptced in this thesis. 

The purpose of this project was to build an inexpensive 
fmoteca) voltmerer incorporating the best features of the 
conversion methods previously described. The dual slope 
Technique was utilized wOorwaveia the effect of driit in the 
clock frequency. Since the input signal was integrated in 
Peeerninine the unknown voltage, high frequency noise effects 
Mere reduced. 

A special zero-level determining circuit was used to 
meee ven. ialse triggering of the digital portion of the 


device. 





ie Wh oLOrRE INTEGRATION 





Slope proportional 
to 


hoe f 
ee See 


Rref 


integrator Output 
Voltage 


Figure 1. Dual Slope Integration 


Dual slope integration is a two step “analog to time" 
(A/T) conversion technique, as illustrated in the waveform 
mie aepure |. The integrator is initially at a zero level. 
At the beginning of a sample period, the integrator begins 
tO integrate down with a slope proportional to the unknown 
weltage Mies ijeeiieeticavor COoMmUinues tO integrate for a 


mexed amount of time T determined by the digital portion 


1? 





Pee pe wcll eCwL ta eb ethe end of this time the integrator 


maples ocWduched to a négsative reference current I SO 


ref’ 
Meee tne anvecrator commences integration back up until it 
mera to the zero level. At this point, a precision 
comparator changes states signalling that the integrator 
meme ressed tne null point. The integrator is subsequently 


set to zero. 


ieom Figure L, the following equations can be written: 


Seo sD net 2 ae) 

4 K ; 
1 T 

2 Ky Lief x 
1 
K = 
Ke lief 

SK i (2) 


Since the number of pulses counted during each integra- 
Pmouestep equals the product of time and repetition rate, 
meewnumoer of pulses counted during the second integration 


Svep is; 


N. = K N. I (3) 


where Ny Pomme snumber Of pulses allowed for the first 
integration. tuauderemmaad Deere a percent drift, A, in the 


clock frequency N. would take the form; 


e 





N, A=KN, AT (4) 


which is the same as equation (3); this demonstrates the 
pievantage Of this technique. The effect of long term drift 
in the clock frequency has been avoided. No crystal oscil- 
lator was required since it was only necessary that the 
frequency of the clock be constant during each sample 


Mmer1od tO Maintain accuracy. 
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Figure 2. The Functional Block Diagram of the 
Direc VOlumever 


Miemelockw = Olarram Consists of an input front end, a 


Peroveane Current source, a zero level current source, an 


integrator, a comparator, a clock, the 3814 digital voltmeter 


mmeay, 2 dipical switching circuit, an auto scaling circuit, 


Overrange and underrange circuits and a display unit. 


iG 





At the beginning of each sample period (T = ee switch 


Pemees) clOsed; 54 and 55 are open. The integrator integrates 


a 2 3 

Mme unknown Current, which is proportional to ve: until time 
QT) or a fixed number of clock pulses has been delivered by 
meer aifeital circuit. At that time capacitor C has been 
Seareed by current Ty to a value of ue volts. The integrator 
output is then negative. At time Ty Swilpenm Sy is opened and 
So omc losed. 

The integrator is subjected to To, the ereene from the 
constant current source which causes the slope of the 
discharge curve Cigeaco be a constany. the output voltage 
SrPeune invegrator crosses the zero level, the comparator 
shifts states, signalling the 3814 to latch the value of its 
@emivers. the number of clock pulses counted during time 


al Niel Ciw wememenorclOnal tO the time required for the 


>? 
integrator to reach zero level, is proportional to the unknown 
Meuvarze. owiltch So is then opened, Sy and =e are closed, and 
Mee invegravor is reset to its zero level, marking the | 
beginning of a new sampling period. 

Display is held mae tl the end of the subsequent sampling 
moeroo. oinee all switching and timing is controlled by the 


‘ 


Meerval Circuiv, it is discussed first. 


ita 





ame CULL Bae CRt PTION 


A. FAIRCHILD 3814 DIGITAL VOLTMETER LOGIC ARRAY 

The 3814 provides the logic required to implement a a 
decade digital voltmeter. In addition to four full decade 
counters and two overflow latches, the device is designed to 
drive a multiplexed display providing a Binary Coded Decimal 
output (to drive a BCD Converter) and five decoded Ouwpuas 


tO Strobe the display. 
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Pigure 3. Block Diagram of the 3814 


dyes 








As seen from Figure 3, the 3814 is clocked by the CP input 
and provides 4% decades of BCD counts, with a modulus of 
40,000. The second decade's output was made available to 
provide a pulse for every 100 input clock pulses ("divide- 
mewOO" output). The output of the first flip-flop (the 
"cshousands" decade) is buffered and brought directly off the 
chip as "divide-by-2000" output. The outputs of both flip- 
meoperOor the fifth “half decade” are available as outputs 
Qe and Qn1: item latcnea State Of the most significant bit 
(Qaor) was also made available. 

A sampling period starts when the counters of the 3814 
are at 30,000. The 3814 then counts an additional 10,000 
foc. pulses, at which time it is in the 00,000 state. At 
mes COUNL the Gevice ignores the next 10 clock pulses, still 
femerning a7 00,000 state. This pause is used to accomplish 
fm@emiecesSsary current switching as described in Section IIil 
and to avoid transients which might cause false triggering 
em tne comparator. 

Following the 10 count pause, the counters in the 3814 
resume Coumuine the clock pulses until signaled by the com- 
parator. The comparator generates a TRANSFER command for 
this purpose. The TRANSFER command causes the 3814 to latch 
pe@ommakxe available the count stored in the counters. This 
feuno 1s Proportional to the measured voltage. If no TRANSFER 
command was generated, counters would go on Me Gigalieveme boaliyskal 


they reach 39,999 and the cycle would be repeated. Only one 


1S 





medio neit  cCOmMMane 15 accepted during the interval 00,000 to 
pom o9 GO prevent false triggering. 

The state of one of the 4% decade counters is presented 
meee BCD multiplexed output (Q, 295 Qy 5,29). One of the five 
O 


decoded outputs, (0, 50 05:0,) goes to HIGH, indicating 


ae Oe 
which decade's count is present at the BCD output of the 
feero lp Lexer. 

The blanking input (BLANK) is used to prevent inter- 
ference while the output of the 3814 is being multiplexed. 
The scanner input signal (STEP) was applied to the blanking 
miei e FO assure that the segment select inputs are stable 
Mer GO tme digit select inputs. 

The decimal point input (DP) is for leading zero suppres- 
Sion. This input was derived by the auto-scaling circuit 
imorgcr vo bilank the most significant digit, when a count 
Suen as 01.23 was Gisplayed. 

The count state of the 3814 is made available by the 
states of the two overflow flip-flops, Qh and Qp1: Qe] is 
the least significant bit (ESB) s wale Qn is the most 
Blenificant bit (MSB) of decade 5. The fifth decade is a 
half decade and consists of only two flip-flops or two bits 
eeeirormMation. Since there are four "= 10" blocks prior 
wemenme ilith decade, this decade will change its state at 
eee yy 10,000 count. The count state of the 3814 is monitored 


as shown in Table l. 


14 





PERIOD COUNT 


A 00,000 to 9,999 


8m | Ser 
po | 
B 10,000 to 19,999 0 1 
C 20,000 to 29,999 1 0 
. =e 


table Ie iovates or Qe] and Qe 





These Qed and Qe outputs are decoded and used for switching 


emer syochronization in the analog circuit. 


meee CLOCK CIRCULT 

im order to obtain a reasonably stable and noise free 
Glock, a dual retriggerable, resettable monostable multi- 
vibrator, (Fairchild 9602) was used. The frequency and the 
accuracy of the 9602 is a function of the external timing 
components and has excellent immunity to noise on the Ve: 
and ground lines. The Logic Diagram is shown in Figure 4. 

With a clock frequency of 600 kHz, the unknown input 
woltage is integrated for 1.667 x ieee seconds or 10,000 
elock pulses. This time duration corresponds to "period D" 
meiable 1. One measurement period lasts for 6.667 x MOE 
seconds or 40,000 clock pulses. The period of the clock, 


le Pmmecemerolted by R-C. and is given by: 


w? alegre 


aay 


t = 0.31 R,C (1 + R, 


W il 


AS, 





5 + 5 V + 5 V 


ees 


LO. oF 
a OU G 
Gf une 30k4 





Figure 4. The Logic Diagram of the 9602 


The selected clock frequency has a period of 1.667 x 107° 


feaeonds. | in order to obtain the desired period, an Ry oF 


fees KS and a C of 390 pF was chosen. A pulse duration 


st 
of 4.2 x 107° seconds was obtained by setting R, equal to 
20 KQ and C, equal to Coupieelnepmie actual circuit, 20 KR 


poventiometers were used for both Ry and Ro and were adjusted 
to obtain the desired frequency. A "pull-up" resistor of 
meee was used at the clock output to insure proper logic 


levels. External components were kept as close as possible 


to the 9602 chip and a 10 uF electrolytic capacitor was used 
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Between i and ground to eliminate noise which occured in 


the Beulalmclrcule Alter construction. 


Oe DISPLAY CIRCUIT 

AS presented in Section IV-A, the count state of the 
3814 is latched into five latches when a TRANSFER command 
is received and the BCD outputs of these latched values are 
Mmomnco am OUuLpDUtT Circuit, which consists of a multiplexer, 
Peeking control and a scanner. The scanner requires a 
oe ifiput which directly controls the multiplexing action. 
mmo act) o1FP pulse, a BCD output of one digit appears at 
the output leads of the multiplexer (0, 50550) ,09); while one 
Smmeuic Ol the Dlanking control is HIGH, indicating which 
Gecade's count is present at the BCD outputs. 

Pomerdemesssmeay > four Fairchild PND 7O single digit LED 
numeric displays were selected. The FND 70 iS a Seven sSeg- 
ment plus decimal point display. 

In order to decode the BCD outputs of the 3814 into 
seven segments, a Fairchild 9368 TTL/MSIL, 7 segment decoder/ 
driver was used. The 9368 eliminates the need for drivers 
ema pull-up resistors normally required for LED displays and 
mmecoly interfaces with the FND 70. The 9368 is capable 
Of supplying 19 mA to each segment of the FND 70. In this 
aeercavion, all FND {0 LED display segment inputs are con- 
nected in parallel to the output of one 9368 chip, but ground 
returns of each digit is switched ON and OFF by a high-fdc 
transistor (MPS 6562). The digit select outputs of the 3814 


(0, 50 0420 On) are HIGH when a BCD output is present, and 


B? Dp? 


aly 


a 





maeovpply only 200 PA. This is not enough base current to 
saturate the MPS 6562 switching transistors. Therefore, a 
Suitable buffer (TTL/SSI 7438 quad 2-input nand buffer) 
was used. 
iiecoes app l1cation only four of the five available 
digit outputs of 3814 were used. The accuracy of the fifth 
merc Was considered meaningless with the components used 
My the analog circuitry. Four FND 70 seven segment LED 
displays, one 9368 seven segment/driver, one 7438 nand buffer 
and four MPS 6562 high-fdc transistors constitute the display 
circuit, except for the decimal point circuit. The block 
Seeeram OL the display circuit is shown in Figure 5. 
COMMPCe neem nput FO the 3624 scanner, the "- 100" 
Siieoue of the 3614 was used. This resulted in a scanning 
rate of 600 Hz with a duty cycle of 20% which provided a 


peaeht display. 


D. LEVEL DETECTOR (COMPARATOR) 

The functional block Cmac@am in oectaon Lil describes 
the comparator as me inal Sracesor Che “analog portion of 
the circuit. The comparator acts as a level sensor with 
ieeteresis. The input and output curves of the comparator 
are shown in Figure 6. 

When the comparator senses the zero level crossing of 
Mgemintegrator output, it shifts states from HIGH to LOW, 
which sienale Mier oital cireuilts.. Thais signal is the 


me oPBR input to the 3814. In order to obtain precise zero 
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Figure 5. The Display Circus v 
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Figure 6. Input and Output of the Comparator 
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a ee 





level crossing sensing, a wA 734 precision voltage comparator 
was used as shown in Figure /7. In order to sense the level 
meeciscely, hysteresis voltage Vuys? and offset voltage must 
be kept as small as possible. Formulas 5 and 6 give the 


relations of Ry and Re Por cias purpose. 


as ee (5) 
1 2 
R. (V_ MAX - V_ MIN) 
v ee O O (6) 
lige) R. + R 


di z 


V (MAX) must be + 5V for the 3814 interface, and V_, (MIN) 


= 0,2V. Selecting R, = 1002 and R, = HEA, R. is found: 


12  _ 100 x 18 x 10 
1 2 100 + 18 x 10 


Then Vis becomes: 


merle (nn 0.2) 


x = Zo mV . 
100 + 18 x 10 


Viys 


Therefore, the output of the vA 734 will be 13.25 mV above 
ground, which is LOW enough as TRANSFER input. A 10 Kf of 
eesey NUlLl potentiometer was added for final calibration. 
Between pin 14 and oe of the pA 734, a 5.9 KQ pull-up 
memscoOr Was used to insure a + 5.0V HIGH logic level. A 
capacitor, C, (0,047 uF) was added to avoid false triggering. 
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Figure 7. vA 734 Level Sensor Circuit Diagram 
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Figure 8. wA 734 Hysteresis Curve 
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E. INTEGRATOR 
oreo Ueetnoedance, low nolse operational amplifier, 
vA 776 was used for the integrator. The schematic diagram 


is shown in Figure 9. 
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Figure 9. Schematic Diagram of the Integrator 


R, is the resistor which sets the master bias current Cae 
This current defines the parameters of the wA 776 such as: 
Beomeoy SUpply current, input bias current, input noise 
Memrage (at the input terminals of the pA 776), and the 
optimum source resistance to be used. A bias current of 
5uA was selected from given parameter curves for optimum 


results. aes ise cavyen Dy; 


ee 





and was calculated as 2.2 M2 for an I. Or > 1h An 


et 
offset null potentiometer (R,) was added for further adjust- 
Neareand final calibration. 

moet ne final design, COUNT STATE 20,000 of the 3814 was 
morecued CO display 2.000 volts. During COUNT 20,000 to 
29,999, Si> S5 are OPEN and Sy is CLOSED. Between 30,000 


emo) 39,999 the unknown current is integrated and the capacitor 


voltage begins to integrate downwards at the rate 


V 


Wie, 1a 
7 Ben Volt/Second 


as found from 


a 
Vi = ae (8) 


i 
o =~ RO? Van 
0 
Witch the sampling period of 10,000 clock pulses, and a clock 
frequency of 600 kHz, the integration time was: 


p= ——+_ x 10,000 = 1.667 x 107° seconds 


600 x 10° 
or 


T = 16.67 x 16-2 seeeraae 


It was decided that the output voltage of the integrator 
Saewld be 2.0 volts when the input is 2.0 volts. In this 


meee (3) takes the form: 


ee 





Van -3 
Ne Soa % Loney x LO volts 


which makes the time constant RC = 16.67 x 1072 sae. 


Me vomicomame CC — O045 tF was selected for this purpose. 


F, CONSTANT CURRENT SOURCE 


When the counter reaches 39,999 switch S, is opened to 


dl 
remove the unknown voltage from the input of the integrator 
ema switch S5 is closed to integrate the voltage us with a 
Semsvane Slope. Current source in Figure 10 supplies 

I. = 1,5uA: for this purpose. A 2M2 potentiometer was used 
Sweet nateecaltpration of the circuit. 


i ( 

lo KA loka D, = Sete 
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Q, fi 4 Q, 
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ee — o 
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Figure 10. Constant Current Source 
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SeeezekO OFFSET CIRCUIT 

Hemdescriped im section IV the counters pause for 10 
milock pulceswacecouny OO,000. This pause was used for 
waaeeine irom the input to the current source. 

Miemeuie AnpuL voltage 1S near or equal to zero volt, 
Meeninvesrator output is close to the null point at the end 
Seeres invepration. The analog switching glitch causes a 
mese triggering of the comparator. in order to avoid this 
Pema vion and FLO allow zero level calibration, another 
Siren Source Offsets the integrator from zero volt. This 
Miereny Source adds a quantity of charge equal to ten counts 
of I. Pomel: the integration of the unknown voltage Mike 


iees Zero Offset is shown in Figure 11. 


00,000 





aw 21 


C 
at ~1000 


Figure ll. Integrator Output when ae =) OUUN Oat 
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iicmcirculbewilich Drovides this current is eiven in 
metres le. Inis fixed offset guarantees that the integrator 
Gutput moves away from the null even if the input voltage 
is zero. When the counter on the 3814 reaches 00,000 it 
miiemieoeae Zero for ten counts, thus subtracting out the 
Eee ped Units of current added during the integration of 


the unknown voltage. 





IN 4ISz2 


NA O 
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SOURCE 





fieeure I2. 4ero Offset Current Source 


H. ANALOG SWITCHES 

Or Si> So» S3 Cecmumenalvo Scaling switch Sis a switch 
was designed to respond to LOW or HIGH logic levels which 
are generated by the switching circuits. The analog circuit 


meeevois is shown in Figure 13. 
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fmeure 15. Analog Switching Circuit 


When the input is low, Q5 is ON, and LP becomes positive 
burning Q5 Civeevioen the input 1s nigh, both Q5 and Q5 are 


eit since We meoeitc.0 VOLTS. 


I. LOGIC CIRCUIT FOR ANALOG SWITCHES 
Outputs Q.4 and Qo of the 3814 are used to turn the 
analog switches ON and OFF at the proper times. The states 


feeeene counters, Q and Q 


aalt R2? ane whe required switch 


positions are given in Table 2. 
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COUNT 
30,000 to 
00,000 to 10,000 
[mroo0 to 20,000 
meee o to 30,000 
maple ¢. 


To yuu a Switch ON, 


t 


ova cen 


Input Current 
Sw So0.SW 


OFF ON 


OFF ON 


Analog Switch Positions for a 


Pollwiecasunemenr Cycle 


a LOW logic level was supplied. 


G@ilarivyeco burn it OFF a high logic level was applied. 


The required logic circuit is shown in Figure 14. 


, T4044 


+ 7404 
QEl > 
QE2 > 
+ 7404 
Figure 14. 
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J. OVERRANGE AND UNDERRANGE INDICATORS 

ieeeoverrange Circuit 

Up integration of the unknown voltage by the constant 

current source ends when the counter cf the 3814 reaches 
19,999 if no TRANSFER command was generated. If a TRANSFER 
command is generated after a count of 19,999, then the counter 
Stace is 20,000 or more and Qn =e Qe. = 1. Thais state 
is decoded and the output is used for the Overrange indicator 
Paemeomyneuy to the auto ranging circuit. The circuit 


meeerem Used for this purpose is shown in Figure 15. 
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Figure 15. Overrange Circuit 


When a TRANSFER command is received while Qn = 0, 
Qe = 1, Q goes LOW and turns on the LED, indicating an 
OVERRANGE. Q output of the 7474 was used as input to the 


mepeo ranging circuit. 
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ee maectrrange Circuit 


[PmOordetmvOonrliGgicave Udiat the inpuv voltage is less 
than 10% of full scale and to send a signal to the auto- 
Beatane circuit, an underrange circuit was designed as 


shown in Figure 16. 
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Figure 16. Underrange Indicator 


The inputs Qe7 and Qn permit the decade counter 7490 to 
count during the 00,000 to 10,000 count of the 3814. The 
"= 2000" output was used as CP input for the 7490. Outputs 


Qos Qp> Qa of the decade counters were decoded to obtain 


an underrange pulse as shown in Figure 17. 
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Pigure 17. Underrange Pulse During a 
Full Cycle of the 3814 


This underrange pulse was used as "D" input for a D flip- 
mtep. The "TRANSFER" command is used as its clock input. 
Seeany “TRANSFER” command occurs during count 00,000 through 
02,000 of the 3814, the output of the D flip-flop goes LOW 
and a LED indicates underrange. The Q output of the 


flip-flop was used as an input to the auto scaling circuit. 


K. AUTO - SCALING CIRC Uael 

The front end and integrator of the Voltmeter was 
aeeened for 0 to +2.0 volts of input voltage. 

iiseemangee Lhe range from 0 to 2.0 volts and O to 20.0 


volts, the circuit shown in Figure 18 was designed. 
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Figure 18. Auto —- Scaling Circuit 


If at the beginning of each sample cycle, an overrange is 
present, Q goes HIGH, and Q, and S, are OFF. This connects 
an additional 4.5 MQ resistor in series with the input 


terminals of the voltmeter, introducing a new scaling factor. 


ia the formula: 


it 


oe 
We = BG \ vee dat 


The new R is now 5 M. For 16.67 x 107° seconds as before 


fee the input voltage 20.0 volts, the output voltage is: 


Bc 





= 
awe AOD MS SF De AIUe Sa nee 


a xe OnOssax 10” 
Which satisfies the requirement of the basic scale. If an 
macerrange occurs, 5 and Si are Turned On, shorting the 
#.5 M resistor, and dropping the scale to the 0 to 2.0 vaits 
Weemeon. The other half of the 7476 flip-flop in this ci -:uit 
[menos the proper decimal point on the display turning on 


either Q. or Q homsuDpresocee Leading zero in the O to 


3° 
peme volt range, the state of the decimal point of the 
Second digit was also fed to the "DP" input of the 3814. 


The unused On digiv enables the output of the 3814 to be 


used as clock input to the 7476. 
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VI. RESULTS AND CONCLUSIONS 


The total parts cost was under $100.00. All components 
were non-precision and commercially available. 

ine voltmeter was calibrated and tested against a 
Peeemoard voltage source. Calibration curves are given in 
PeeerialX A and Appendix B, the circuit dlagram is given in 
Appendix C, and the connection diagram is given in Appendix 
Dy. 

At 25°C, the error did not exceed 0.15% of full scale 
in the 0 to 2.0 volts range and 0.1% in the 2.0 to 20.0 
wormes range. This error was caused by the non-linearity of 
maemconstant current source. 

When the temperature was increased to 50°C, the maximum 
error was found to be 1.2% of full scale. The main cause 
mereunis error was the input offset voltage change of the 
comparator (pA 734). The transfer characteristic of the 
uA 734 is such that a 100.0p volt or larger shift of the 
input voltage changes its output state. At 50°C, the input 
mse, VOltage of the comparator shifts by 50.0u volts from 
Meeme>- C null point. The error generated by this temperature 
mierease Was found to be more significant than that caused 
feemene Constant current source. 

To further improve the accuracy, a temperature compen- 
Pwmeo COMmsStant current source and an improved comparator 


Circuit should be designed. 
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